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Graphical abstract 
 
 
Abstract 
 
Methylene blue (MB) is one of the industrial used organic dye and recalcitrant 
pollutant which creates a serious water pollution. Among the available techniques, 
photo degradation using light irradiation is one of the desirable choice to treat waste 
water. In this regard, we synthesized a binary nanocomposite of magnetite decorated 
with graphene oxide sheet (Fe3O4@GO) with modification of tetraethyl orthosilicate 
(TEOS) and 3-Aminopropyl triethoxysilane (APTES) by mechanical stirring method. The 
prepared nanocomposite was tested as a potential heterogeneous catalyst for 
degradation of methylene blue (MB) under UV irradiation. The synthesized 
nanoparticles were characterized by using X-ray diffraction (XRD), Field Emission 
Scanning Electron Microscopy (FESEM), Fourier transform infrared (FTIR), 
Thermogravimetric Analysis (TGA), and Energy-dispersive X-ray spectroscopy (EDX) 
techniques. The characterizations confirm the successful synthesis of the 
nanocomposite. The photocatalytic activity of the catalysts was gradually enhanced 
with time intervals. The maximum MB removal efficiency of 70.06 % was achieved over 
Fe3O4@GO composite catalyst, remarkably higher than using pure Fe3O4 (57.56 %). The 
newly developed materials was successfully recovered using an external magnet.  
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Abstrak 
 
Metilene biru merupakan salah satu pewarna organik industri dan sukar dihapuskan 
menyebabkan masalah pencemaran air yang serius. Antara pelbagai teknik yang 
ada, sinaran fotodegradasi adalah salah satu pilihan yang paling dikehendaki untuk 
merawat air kumbahan ini. Di sini, kami mensintesis nano komposit binary magnetit 
baharu yang dihiasi dengan lapisan grafinoksida (Fe3O4@GO) dengan 
pengubahsuaian APTES dan TEOS melalui kaedah pengacauan mekanikal. 
Nanokomposit yang disediakan telah digunakan sebagai pemangkin heterogeneous 
yang efektif berpotensi untuk degradasi pencemar metilene biru (MB di bawah sinaran 
UV. Nanopartikel yang disintesis telah dicirikan menggunakan pembelauan sinar-X 
(XRD), mikroskopi imbasan electron pancaran medan (FESEM), spektroskopi infra 
merah jelmaan Fourier (FTIR), analisis termogravimetri (TGA), dan teknik spekro 
skopisinar –X penyebaran tenaga (EDX). Pencirian-pencirian tersebut mengesahkan 
sintesis nano komposit yang berjaya. Aktiviti pemangkinan foto nano komposit 
pemangkin foto tersebut adalah 70.06% iaitu lebih tinggi daripada 57.56% Fe3O4 tulen. 
Pemangkin foto yang baru dibangunkan boleh didapatkan semula dengan jayanya 
menggunakan sebuah magnet luar.  
 
Kata kunci: Komposite nano Binari, Fe3O4@GO, APTES and TEOS, methylene blue (MB) 
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1.0  INTRODUCTION 
 
Water pollution is one of the main hazards and 
challenges that human beings are facing today. 
Dyes are among these organic pollutants, which 
change the environmental water quality [1]. Dyes 
wastewater which is discharged from several 
industries like textiles, printing, food and cosmetics 
and has developed a key hazard to human and 
ecosystem due to the toxicity and non-
biodegradability [2, 3]. For the removal of dye from 
the water, several conventional processes are used, 
but they have high operating cost, low removal 
efficiency and slow procedures and at higher 
concentrations of the organic pollutants in particular, 
they possess some complications during operation 
[4]. Photo-degradation is a promising method for the 
treatment of toxic and bio-resistant pollutants, and 
this process has some advantages on the other 
opposing methods. These are: (i) No secondary 
pollution production, (ii) complete mineralization, (iii) 
only mild temperature and pressure conditions are 
necessary and (iv) low cost [5]. Some of the 
semiconductors, which have been produced and 
studied as photocatalysts contain  ZnO, TiO2, SrTiO3, 
Fe2O3, CdS, WO3, ZnS, FeTiO3, ZrO2, V2O5, Nb2O5, SnO2 
and so on [6, 7]. These photocatalysts demonstrate 
positive catalytic activity along with better 
applicability, however, the timely separation of 
photocatalysts from the purified aqueous solutions 
sometimes becomes a challenging problem. If the 
already used catalysts cannot be totally recovered, 
then the secondary pollution may get activated via 
the residual photocatalyst powder [8, 9]. What is 
more, recyclability is similarly a new vital feature for a 
photocatalyst because it can exceptionally improve 
the cost-benefit.   
To overcome the aforementioned problem 
magnetite (Fe3O4) nanoparticles (NPs) are used as 
photocatalyst which are eco-friendly nanomaterial, 
which exhibit characteristics like magnetic 
separation, easy recovery, and enhancement 
decent magnetic, electric, catalytic properties and 
biocompatibility [10]. Fe3O4 have large surface to 
volume ratio and have high surface energies. 
Redistribution and changing coordination situation of 
charge and atoms at the surfaces of nanoparticles 
intensely effects their reactivity. Furthermore, 
covalently bound surfactants avoid aggregation and 
increase dispersion stability of nanoparticles by 
increasing surface charge and electrostatic repulsion 
or by reducing interfacial energy between particle 
and solvent [11]. Beside, this coulombic attractions, 
hydrophobic interactions, and surfactant 
concentration affect the adsorbed surfactant mass 
and layer conformation and hence the ability of a 
surfactant to stabilize a nanoparticles against 
aggregation [12]. The average size of the prepared 
nanoparticles ranging from 50 to 200 nm and high 
magnetic saturation value (Ms = 48.6 emu/g) and 
might be used as MRI distinction agents (r2 = 36.3 s-1 
mM-1) [13]. Moreover, Fe3O4 has magnetic moments 
for an 8-nm dot and 53-, 93-, and 174-nm single 
clusters of 8.45×10−17, 3.23×10−14, 1.79×10−13, and 
7.13×10−13 emu, respectively [14]. The super-
paramagnetic characteristics of Fe3O4 tolerate 
separation under low magnetic fields to allow 
recycling and reuse. Furthermore, the naked Fe3O4 
NPs have high chemical activity, and are simply 
oxidized in air, mostly causing in loss of magnetism 
and dispersibility [15]. Consequently, if proper surface 
coating and developing some active protection 
approaches to possess the stability of magnetic iron 
oxide NPs is very significant. Practically, it is worthy 
that in many cases the protecting shells not only 
stabilizes the magnetic iron oxide NPs, but can also 
be used for further functionalization [16]. Furthermore, 
Fe3O4 has outstanding conductivity, so it might 
perform as an electron transfer channel and 
acceptor, which might destroy the photo-generated 
carrier recombination. But, because of strong 
magnetic dipole-dipole attractions between 
particles, the magnetic Fe3O4 NPs tend to aggregate 
seriously, which greatly limits their application. To 
overcome this problem of aggregation the 
researcher start thinking about the hybrid system of 
Fe3O4. So far, a great number of semiconductors 
such as MnO2, CdS, SiO2, TiO2, and g-C3N4, loaded on 
the surface of Fe3O4 have been investigated to 
design visible-light-driven composite photocatalysts 
[17, 18]. These hybrid NPs photocatalytic system 
strategy must fulfil the following necessities: facile 
preparation and synthesis method, high 
photocatalytic capacity, can be recycled by 
external magnetic fields and possess excellent photo 
decomposition resistance capacity [19].  
One more active method for enhancing the 
performance of hybrid Fe3O4 NPs photocatalyst is the 
use of carbon materials as a composite which shows 
an active electron transfer reactions. In this 
consequence, two-dimensional carbon materials 
such as activated carbon, graphene-oxide (GO), 
graphene and graphdiyne are used as a carbon 
additive for the Fe3O4 photocatalysts [20, 21]. 
Moreover, graphene sheets have great 
consideration for developing nanohybrid materials 
for photocatalyst due to its excellent electrical, 
thermal, mechanical properties, and high theoretical 
surface area of up to 2630 m2 g-1. The other main 
capability of GO is to anchor guest molecules on its 
basal planes by guest-host interaction [22]. On this 
regards there are two component nanohybrid 
systems like WO3/rGO, GO/g-C3N4, TiO2/rGO and 
Fe2O3/rGO, have been developed to achieve higher 
photocatalytic performance [23, 24].  
The Fe3O4 hybrid have other various deficiencies 
like leaching under acidic conditions, being disposed 
to autoxidation and toxicity. Moreover, uncovered 
Fe3O4 nanoparticles can easily be oxidized under 
severe extraction situations and lose their magnetism 
at long-term use. Thus, shelter of the surface of the 
nanocomposite can be done to moderate these 
adverse features [25]. For this reason, Fe3O4 are 
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surrounded in a polymeric, hybrid or inorganic matrix. 
The surface of the Fe3O4 NPs can be modified by 
different functional groups. Among these diverse 
functional groups, the amino groups have bi-
functional nature that could remove cationic and 
anionic pollutants from aqueous media. At low pH 
values, the protonated amino groups adsorb anionic 
pollutant by electrostatic attraction, while at higher 
pH, amino group is used for the removal of cationic 
pollutants such as heavy metal ions [26]. Tetraethyl 
orthosilicate (TEOS) and 3-Aminopropyl triethoxysilane 
(APTES) are the most commonly used functional 
groups to produced amino-functionalization of silica-
based materials [27, 28]. The use of TEOS round the 
magnetic NPs increases their stability in solution, 
avoiding or reducing the formation of agglomerates 
because of magnetic dipole–magnetic dipole 
interactions. Moreover, TEOS materials are mostly 
used for functionalization, because of its availability, 
cheapness, high stability, biocompatibility and 
flexibility in surface modification [29]. TEOS also help 
in the formation of a covalent bond between a 
molecule attached on the GO surface and that of 
Fe3O4 nanoparticles [30]. APTES can provide a rich 
NH2 group on the surface of Fe3O4 nanoparticles and 
form hydrogen bonds with functional group present 
on the GO surface. Furthermore, APTES is normally 
used to stabilize Fe3O4 nanoparticles and to 
introduce amine groups for successive chemical 
functionalization [31, 32]. Based on these 
characteristics in many studies TEOS and APTES are 
used for the surface modifications of nanoparticles.     
Herein, we report the preparation of Fe3O4@GO 
NPs modified by APTES and TEOS nanoparticles. The 
photocatalytic activities of the hybrid 
nanocomposite were assessed via the degradation 
of MB as a model reaction. It is found that Fe3O4@GO 
sphere nanoparticles show excellent photocatalytic 
activity for degrading of MB in comparison without 
catalyst. The high photocatalytic activity was 
endorsed to the high concentration of oxygen 
vacancies of GO and the existence of Fe+3ions in the 
core/shell catalyst. 
 
 
2.0  METHODOLOGY 
 
2.1  Materials 
 
Graphite powder, H2SO4, NaNO3, NaOH, H2O2 (30%), 
and KMnO4 were purchased from Sigma-Aldrich 
(USA). Iron (II) sulphate heptahydrate (FeSO4·7H2O, 
98%, M.wt = 151.91 g∙mol−1), sodium nitrite (NaNO3, 
99%), methylene blue (MB), were purchased from 
Sigma-Aldrich (Nottingham, UK). Isopropyl alcohol 
concentrated ammonium aqueous solution 
(NH3•H2O 25 wt %) was purchased from Merck KGaA 
Germany. Ethanol, (99.9%) was purchased from RCI 
Labscan. TEOS (98%) was purchased from ACROS, 
APTES was purchased from New Jersey USA, and 
Acetone was purchased from RCI Labscan Limited. 
BaCl2 was purchased from sigma-Adrch. All the 
chemicals were used without any further purification, 
and solutions were prepared using distilled water and 
used for all the preparations.   
 
2.2  Synthesis of Magnetic Fe3O4 Nanoparticles 
 
Fe3O4 nanoparticles were prepared by dissolving 3.3 
g of FeSO4∙7H2O and 2 g of NaNO3 in 50 mL of 
distilled water. After that, 20 mL of NaOH solution (2.5 
M) was poured into the mixture as it was heated up 
to 80˚C. The reaction was proceed at 80˚C under 
constant stirring to confirm the complete growth of 
the nanoparticle crystals. After 30 minutes, the 
resulting suspension was cooled down to room 
temperature and washed with distilled water 
repeatedly to remove unreacted chemicals. The 
magnetic Fe3O4 nanoparticles were separated by 
using an external magnet and dried in an oven at 
60˚C overnight before coating. 
 
2.3  Synthesis of GO from Grapite Powder Using 
Modified Hummers’ Method 
 
In brief, GO was prepared by the oxidation of 
graphite using KMnO4 as a strong oxidizing agent. 3 g 
of graphite and 1.5 g of NaNO3 was mixed well in 69 
mL of concentrated H2SO4. The mixture was cooled 
to 0°C using ice bath and stirred for 15 min. Then 9 g 
of KMnO4 was added slowly into the mixture while 
maintaining the temperature below 20 °C to prevent 
overheating and explosion. After stirring for 2 hr the 
ice bath was replaced by water bath and the 
mixture was then stirred vigorously for another 30 min 
at 35 °C. RO water (150 mL) was added and the 
temperature of the mixture was maintained below 
95°C for 15 min of stirring. Finally, the reaction was 
terminated by addition of RO water (500 mL) and 
30% H2O2 solution (15 mL) to reduce the residual 
permanganate and manganese dioxide to 
colourless soluble manganese sulphate. The resulting 
mixture was filtered, and then filtered graphene 
oxide was washed with 5% HCl aqueous solution until 
sulphate could not be detected by BaCl2. The GO 
was then washed by RO water and centrifuged until 
the supernatant reaches pH 5 to 6. Then the GO 
solution was ultrasonicated for 1hr and the GO mud 
was obtain by centrifuging at 4000 rpm for 2 hours to 
remove large and not fully exfoliated GO. The GO 
was dry in vacuum oven at 60 °C for 12 hrs. To further 
purify the GO, the dried GO was dissolved back into 
large amount of acetone and was stirred vigorously. 
At last, the GO solution was filtered and the obtained 
GO cake was dry in vacuum oven again at 60 °C for 
6 hrs. 
 
2.4  Preparation of Fe3O4@GO Nanospheres 
 
To synthesis magnetic Fe3O4@GO nanocomposite, 
the surface of Fe3O4 was first modified with APTES that 
supplies amide group for more binding graphene 
oxide by the electrostatic action. 0.1 g of Fe3O4 
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particles were mixed of ethanol (80 mL), deionized 
water (20 mL) and concentrated ammonia aqueous 
solution (1.0 mL, 28 wt. %) under ultrasonication, 
followed by the addition of 67 μL of TEOS and 67 μL 
of APTES. After stirring at 35℃ for 3 h, the Fe3O4 
spheres were functionalized with amino groups 
(Fe3O4@NH2). The prepared nanocomposite was 
separated and washed with ethanol and water by 
an external magnetic field. The binary hybrid of 
Fe3O4@NH2 were redispersed in the GO aqueous 
solution (1.0 mg/mL) to synthesize the magnetic 
graphene (Fe3O4@GO) under vigorous stirring at 75°C 
for 1 h. In direction to eliminate the remaining GO, 
the achieved Fe3O4@GO particles were washed with 
deionized water for 3 times. 
 
2.5  Instrumentation 
 
A structural details of the samples were studied by X-
ray diffraction (XRD) (D8 Advance Diffractometer, 
Bruker, USA) using CueKa radiation (0.154 nm) at 40 
kV and 100mA. The field-emission scanning electron 
microscope (FESEM, JEOLJSM 6380LA) attached with 
energy dispersive X-ray spectroscopy (EDX) were 
employed for observing layer formation and 
elemental analysis. The FTIR spectra of all the 
compounds were recorded in potassium bromide 
disks using a Perkin Elmer 2000 system spectrometer in 
the range 4000-400 cm-1. Thermo gravimetric analysis 
(TGA) has been carried out (Metler-Toledo) in air 
(flow rate) 50 mL/min) in the temperature range 30-
1000 °C (heating rate) 5 °C/min). 
 
2.6  Photocatalysis Experiments 
 
The photocatalytic activity of the as-prepared 
composite nanospheres was calculated by 
photodegradation of MB in aqueous solution under 
UV. All catalytic reactions were conducted in a 1000 
mL radius flask with constant mechanical stirring at 
room temperature. For the degradation of MB, 
desired amount of the as-prepared catalysts was 
added into the 1000 mL aqueous solution containing 
20 mg/L MB. The suspension with the photocatalyst 
but without any H2O2 was stirred for 90 min to reach 
adsorption-desorption equilibrium between the 
catalysts and MB so that the adsorption in the dark 
can be discounted. The lamp was turned on while a 
0.186 M of H2O2 was adding to the mixed solution. 
During the reaction, 10 mL of sample was withdrawn 
at each time interval (15 min) and filtered using a 
syringe filter (Millex PES, 0.22 μm) and the catalysts 
were collected by magnetic separation. The 
disappearance of MB was spectrometrically 
observed as a function of irradiation time using a UV-
Vis spectrophotometer at a wavelength 664 nm. The 
photocatalytic degradation rate and elimination 
efficiency of MB under UV radiation were calculated 
by measuring the absorbance of collected solutions 
by UV-vis spectrophotometer at λmax 664 nm, which is 
usually determined by 
 
Where, Cₒ is the initial concentration of MB and 
Ce is the concentration of MB at time t during the 
catalytic reaction respectively.  
 
 
3.0  RESULTS AND DISCUSSION 
 
3.1  FTIR Analysis 
 
The nanocomposite was studied by FTIR analysis. The 
main peaks of GO at 3515, 1430, 1630, 1230 and 1080 
cm-1 confirm the presence of hydroxyl, carboxyl and 
epoxide groups on the GO sheets as shown in Figure 
1 (A). The transmission infrared spectra of Fe3O4@GO 
of the synthesized products are shown in Figure 1 (B). 
The strong signal at 576cm-1 is consigned to the Fe-O 
stretching vibration. In the FT-IR spectrum of the 
Fe3O4@GO, the bands detected in the region of 
1400-1600 cm-1 and 1200-1400 cm-1 are the 
characteristic vibrations of C=N and C–N 
heterocycles bonds, correspondingly. There is a weak 
peak at 1640 cm-1 which be similar to the bending 
vibration of –OH groups that is generally seen in 
Fe3O4 formed by the chemical co-precipitation 
reaction. 
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Figure 1 FTIR patterns spectra (A) for GO and (B) for 
Fe3O4@GO explanation  
 
 
3.2 TGA Analaysis 
 
The thermal stability of the synthesized samples was 
also confirmed by using TGA analysis as shown in 
Figure 2. The carbon content of the GO and 
GO@Fe3O4 composite was determined by TGA. 
According to the curve, GO was more thermally 
unstable than graphite in which it experienced a 
three step degradation. GO lost 12% weight up to 
180 oC. The weight loss could be attributed by the 
evaporation of adsorbed water and thermal 
decompositions of oxygen-containing functional 
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groups like carboxyl, hydroxyl, epoxy, nitrogen 
dioxide, and ketone. The weight loss rate of GO 
increased to 34 % with increasing temperature from 
180 °C to 220 oC because GO is unstable in high 
temperature [33]. Furthermore, there is a decrease in 
the  loss rate to attain a maximum value about 44.57 
wt. % at about 700 oC, proposing the existence of 
structural shortcomings in GO produced by strong 
acid oxidation as shown in TGA curve (A). The weight 
loss percentage for the Fe3O4@GO hybrid was 
examined from the curve (B), where it showed higher 
stability than GO in the range 12% up to 220 °C and 
only 35% than 44.57% at about 870 oC. The maximum 
weight loss 50.20 % was obtained at about 999.63 °C. 
From above discussion, it is clear that Fe3O4@GO 
composite is thermally more stable than GO. The 
combustion of carbon begin around 400 °C, and the 
weight change was nearly completed at about 
999.63 oC. However, the mass that remained 
constant above 400 °C was consigned to Fe3O4@GO 
[34]. This method can represent the actual 
Fe3O4@GO content which were Fe, C and O in the 
complex. 
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Figure 2 TGA explanation (A) for GO and (B) for Fe3O4@GO 
 
 
3.3  XRD Analysis 
 
The structure of the prepared nanocomposite was 
also studied by XRD analysis as shown in Figure 3. The 
characteristic diffraction peaks for Fe3O4 (2θ = 13.11°, 
30°, 35.4°, 43.3°, 53.4°, 57.1° and 62.7°), which can be 
indexed to their indices (100), (220), (311), (400), 
(422), and (440), were observed for the synthesized 
Fe3O4 nanoparticles. This result corresponds well to 
the PDF data (JCPDS file No. 19-0629) which shows 
that the magnetite diffraction peaks appeared at 
the same locations. Besides, this result is also in good 
consistency with the XRD characterization of Fe3O4 
reported in the former literature [35]. After the 
modification by APTES, TEOS and GO, only the 
concentration of the obtained nanocomposite 
altered, which have shown that the amount of the 
GO is too minute to accomplish its crystallinity. 
Besides that, the crystallinity of Fe3O4 was not 
significantly altered by APTES, TEOS and GO [36]. 
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Figure 3 XRD spectrum (a) for Fe3O4 (b) GO and (c) 
Fe3O4@GO 
 
 
3.4  FE-SEM Analysis 
 
FE-SEM image analysis is relatively suitable for the 
investigation of surface morphology and particle 
size/shape. Figure 4(a) shows the FE-SEM image of 
sphere shaped Fe3O4 particles and the average size 
of the particles is in the range of 17.2-21.2 nm. These 
particles are non-aggregated with narrow size 
distribution. Figure 4(b) shows that the Fe3O4@GO 
particles immobile have the morphological 
properties of pure Fe3O4 except for a slightly larger 
particle size about 25.5nm to 29.0 nm, which may be 
due to by the coating of GO on the surface of the 
magnetic core. Figure 4 (b) shows that the Fe3O4 
nanoparticles were spread on the basal planes of 
the graphene. From the figure, one can notice that 
the graphene sheets were dispersed between the 
loosely packed Fe3O4 and that of a big extent of void 
spaces formed on the material. Furthermore, the 
graphene sheets distributed between the Fe3O4 can 
avoid the aggregation of Fe3O4 to a certain extent, 
which can be of great benefit to reactions. 
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Figure 4 FESEM images for (a) Fe3O4 and (b) Fe3O4@GO 
 
 
3.5  EDX Analysis 
 
The synthesized GO and Fe3O4@GO particles were 
also characterized by the energy dispersive X-ray 
(EDX) spectroscopy by a casting film and the result of 
Figure 5 (a) show strong peaks of Fe and O. The 
compositions of the Fe3O4 by mass percent are Fe 
68.9 %, O 31.1 %. The corresponding atomic 
composition are Fe 55.3 %, O 15.8 % and C 28.9 % as 
depicted in Figure 5 (b) which imply that the 
nanospheres is mostly consist of Fe, C and O 
elements. The peak which arise in both Figure 5 (a) 
and (b) at the position of 2.5 eV is attributed to the 
presence of silica in trace amount due to the 
modification of Fe3O4 by APTES and TEOS but in 
traces. 
 
 
Figure 5 EDX survey spectra of Fe3O4 spheres (a) and 
Fe3O4@GO (b) 
 
 
3.6  Photodegradation of MB BY Fe3O4 @GO 
 
The photocatalytic activity of the synthesized 
nanocomposite for degradation of MB under UV-light 
radiation was studied and the results are shown in 
Figure 6 (the photolysis of MB (20 mg/L) under the UV 
light radiation lacking of photocatalyst after 240 min 
is less than 5%). Hence, the results showed that the 
photocatalyst plays a predominate role in the 
degradation of MB aqueous solution. For 
comparison, photocatalytic activity was also 
checked out with Fe3O4 and Fe3O4@GO 
nanoparticles. The photocatalytic activity of the 
Fe3O4 toward MB was 57.56 %, this results reveals that 
the photocatalytic performance of Fe3O4 under the 
UV-light illumination is subsequently slow. At this point, 
the low degradation efficiency of Fe3O4 can be 
ascribed to its large band gap as well as rapid 
recombination rate of charge carriers. However, 
after combination with GO, the photocatalytic 
activity of the compound photocatalysts are 
remarkably improved to 70.06%. It is obviously 
evidenced that photodegradation of MB is higher 
than Fe3O4 catalysed solution. The results implied that 
the presence of GO plays an important role in 
enhancing the performance of the Fe3O4. 
Graphene-based hybrid photocatalyst poses 
numerous advantages over Fe3O4 due to the 
exclusive electronic properties resulting from the sp2 
a 
b 
a 
b 
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hybridized carbon atoms transaction a picosecond 
ultrafast electron transfer method from the excited 
semiconductors to the graphene sheet and the 
controllable size of the semiconductors and reduced 
aggregation of the graphene sheets promote 
recover the efficiency of the photocatalysis. Besides, 
the high transparency of the graphene sheets as of 
their one- or several-atoms thickness, accelerate the 
consumption of the exciting light given the 
conducting and semiconducting properties of 
graphene, it is probable that photoexcited electrons 
from Fe3O4 are transferred to graphene to hinder 
electron-hole recombination and to boost oxidative 
reactivity. Moreover, in incidence of UV irradiation, 
H2O2 plays dynamic role in degradation of MB as it 
produces two hydroxyl radicals (HO˙). The HO˙ are 
considered exceptionally robust oxidant for the 
degradation of organic pollutants such as MB [37]. 
Furthermore, the synergistic interaction between GO 
and Fe3O4 makes the electron transfer easy, which 
can facilitate the reduction of Fe3+ to Fe2+as well as 
generation of HO˙. Consequently, the combination of 
H2O2 with Fe3O4@GO helps in MB degradation. 
Therefore, the best photocatalytic performance was 
observed for the Fe3O4@GO with the addition of 
H2O2, which was nearly 83.36 % of MB molecules 
within the UV irradiation for 240 min as shown in Figure 
6. 
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Figure 6 Photocatalytic degradation of MB in the presence 
of Fe3O4, Fe3O4@GO hybrids and along with H2O2 
 
 
4.0  CONCLUSION 
 
In this study, the presence of catalyst Fe3O4@GO in 
the photodegradation system has increased the 
degradation rate of Methylene blue in water. The 
prepared Fe3O4@GO structure was confirmed by 
characterization of FTIR spectrum, XRD, TGA, FE-SEM 
and EDX test techniques. The presence of catalyst in 
the degradation of MB dye was found to be much 
higher as compared to noncatalysized solution. The 
modification of Fe3O4 by APTES and TEOS proven high 
thermal stability as described in TGA analysis. The 
comparison of mono and binary nanocomposite and 
along with H2O2 shown consistency in degradation 
rate. The high degradation of MB was up to 83.36 % 
in the presence of H2O2 within four hours, which 
indicates that the system has the potential to be 
operated in a larger scale.  
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